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Caves in Basalts in Krong N6 Area, Pk Nong Province, Vietnam
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Abstract: Caves have always been creating a mysterious and fascinating beauty for geoheritages,
natural heritages, as well as geoparks. Caves in sedimentary rocks, especially in karst in Vietnam
are diverse, often breaking new records in length, depth and distribution region wide and world
wide. Meanwhile, caves in basaltic rocks in Vietnam were discovered in 2007 in the area of Trinh
Nir waterfall, Krong N6 District, Dk Nong province. The Trinh Nir waterfall area is an attractive
heritage complex on both natural and socio-cultural aspects. It comprises 3 waterfalls and the
famous associated scenery in the Central Highlands, the craters, columnar basalts, resurgences of
underground springs, primary forests, national historic cultural monuments, etc. Caves here are
quite numerous and usually extend in certain direction. Classified by depth and water table, caves
exist in 2 types: dry caves and wet caves. A majority of caves are 3-6m in diameter, some of which
are up to over 10m with the length of several hundred meters. On the walls and ceilings of quite a
few caves, turbulent flows of lava are clearly observed. A majority of caves are homes of many
bats. The caves inner area certainly has much potentials for exploration in the disciplines of
archeology, biology as well as geology. The cave system here will make a rich and unique
geoheritage area of Trinh Nir waterfalls, and will also be the tourism highlight provided that it is to
be researched, restored and put available to geotourism.
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1. Introduction

60% of Vietnam territory is covered by
sedimentary 20% is
limestone. Limestone in Vietnam is mainly Pre-
Cambrian (550 million years) to Middle
Triassic (about 235 million years ago) of age.

rocks, and almost
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Most limestone is concentrated in the North,
and even occupies about 50% of the total area
of some provinces such as Hoa Binh (53.4%),
Cao Bang (49.47%), and Tuyen Quang
(49.92%). Many towns and villages lie entirely
on limestone, such as Mai Chau (Hoa Binh
province), Moc Chau, Yen Chau, Son La (Son
La province), Tua Chua, Tam Duong, (Lai
Chau Province), Dong Van, Meo Vac (Ha
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Fig. 1 Distribution area of caves in basalts
in Krong No area, Dak Nong, Vietnam.

Giang Province), etc. [1]. A minority of
limestone distributes in the Southern of
Vietnam such as Ha Tien (Kien Giang). Most of
localities on limestone possess quite a few
number of caves. Each cave has its own beauty,
and is often associated with a fascinating legend
to attract people to visit, discover and enjoy.
Caves in limestone in Vietnam are diverse,
often breaking new records in length, depth and
distribution in the region and the world. Among
them must be mentioned cave Son Doong
(discovered by a local in 1990), which has been
studied in details since 2009-2010 in the project
namely “Cooperation project of speleological
research in Vietnam” by the Department of
Geography, University of Natural Sciences
(VNU-HUS) and the British Cave Research
Association. Son Doong cave lies within the
Phong Nha — Ke Bang World Heritage
Assemblage in Quang Binh Province. It is

-

Fig. 2. Chu Pluk crater at Choah village.
(Source: La The Phuc, 2012)

mentioned as a "majestic and surprisingly
beautiful cave, with so many stalactites of
strange shapes; there’s a jungle inside
Vietnam’s mammoth cavern. A skyscraper
could fit too. And the end is out of sight” - that
is the evaluation of the cave Son Doong from
the famous magazine National Geographic. In
the report of “Vietnam 20127, the British Cave
Research Association recognized Son Doong as
the world's largest arch. The cave is 200-250m
in width, over 150-200m in height and 8.57km
in length [2].

In addition to the mysterious beauty, cave
system in Vietnam also possesses the natural
heritages (biodiversity, genetic resources of rare
animals and plants, etc.) and archaeological
sites. Some of them are endangered species
recorded in the Red Book of Vietnam in 2007,
such as: Anh Vu fish (Semilabeo obscurus (Lin,
1981)), Chien fish (Bagarius), which live in the
caves and subterranean rivers in Tuyen Quang,
Phu Tho, and Ha Giang provinces.

Fig. 3. Dray Sap waterfall. (Source: La The Phuc, 2007
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Fig. 4. Pure lake flowing from basaltic
cave right next to Gia Long waterfall
(Source: La The Phuc, 2009).

Some other representatives are Mo Khe Lanh
fish (Lobocheilos sp.), which is an endemic
species that only exists in Khe Lanh of Phong
Nha — Ke Bang World Natural Heritage, flower
ratsnake (Orthriophis moellendorfii (Boettger,
1886)), living in caves resided by a large
number of bats in Tuyen Quang, Bac Kan, Lang
Son, Thai Nguyen, Ninh Binh, Nghe An, Ha
Tinh, Quang Binh, Quang Tri provinces, etc.
Archaeologists have found many relics of the
teeth of the Homo erectus people (upright man)
dating 250,000 - 140,000 years and other
animals’ bones, all of which have been petrified
and lay in the middle Pleistocene sedimentary
layer at Tham Khuyen cave, Tham Hai of Tan
Van commune, Binh Gia district, Lang Son
province (www .baotanglichsu.vn dated 07/6/2012).
These traces show that Vietnam is one of the
places where people have lived since a quite
early time.

In addition to the famous caves in
limestone, there is a unique cave system
developed in basaltic rocks. Basalt in Vietnam
is plentiful and varied, aged from Paleozoic to
Cenozoic, mainly distributed in the North,
Central and Central Highlands of Vietnam
(latitude 10°25> + 23°00), and is located the
most in the Central Highlands. The Central
Highlands of Vietnam is also known as the red-

Fig. 5. Bats flying out of one cave in Krong No
(Source: La The Phuc, 2009)

soil plateau, basaltic highland, including 5
provinces: Kon Tum, Gia Lai, Dak Lak, Dak
Nong and Lam Dong. Caves in basalts in
Vietnam have only been discovered since 2007
in Dray Sap - Choah Village waterfall area
within Trinh Nu waterfall heritage assemblage,
Krong No district, Dak Nong province (Fig 1).
Since then, the caves here have not been
examined in details regarding related issues.
There are still many mysteries yet to be discovered.

2. The research methods conducted in caves
in basalts in Krong No, Dak Nong

The Pliocene - Quaternary eruptional
activity in Central Highlands is quite plentiful
and diverse, which has made up many
spectacular geoheritages, serving well for
tourism development. In the scope of the

Fig. 6 Ceiling collapse of shallow cave in Choah
Village (Source: La The Phuc, 2012).



L.T. Phiic et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 31, No. 2 (2015) 36-46 39

Fig. 7. Interior scene of one bat cave in Krong No.
(Source : La The Phuc, 2012)

project "Geoheritage investigation for the
establishment of geomark and environmental
protection in Trinh Nu waterfall area, Krong
No Area, Dak Nong province, Vietnam” and the
project “Overall study and assessment of
tourism resources, spatial planning and
proposal of tourism development solutions in
Central Highlands”, coded TN3/T18, the
authors have only used the methods for

preliminary study. They are:

2.1. Methods of inheritance

Collecting, synthesizing materials of basic
geological surveys in different ratios; thematic
research on magma (including basalt eruptions);
studies on geomorphology and existing
geoheritage in the study area. This is the
traditional method of geoscience research. On
the basis of the collected data, the research will
be planned and conducted.

2.2. Field survey methods

On the basis of the collected material, the
author has conduted a field survey to examine
and collect the original document (the actual
document), do photoshoot or record videos, set
the values of geoheritages, etc. as the scientific
basis for the evaluation, establishment,
classification of geoheritages and the
assessment of geoheritage and geotourism

Fig. 8. Stalactites in Bat cave, Krong No, Dak Nong
(Source: Truong Quang Quy, 2012)

resources; as well as propose solutions for the
conservation, management and exploitation
towards the sustainable development.

2.3. Methods of heritage statistics and classification

On the basis of the field survey, the
geoheritages of the study area will be fully
established, documented and classified
according to the UNESCO criteria (GILGES
system).

2.4. Methods of assessment and ranking

In the heritage dossier, the geoheritages are
assessed in such criteria as: outstanding values
in science, education and aesthetics, area of
distribution, safety level of heritage to natural
and social impacts, level of convenience
regarding transportation, community and
organization of services when the heritage has
been recognized and put into operation, propect
of conceived benefits when the heritage is
protected and exploited. On the basis of the
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dossier, the geoheritages shall be ranked,
classified and requested for appraisal.

3. Preliminary research results of the
distribution area of caves in basalt rocks in
Krong No, Dak Nong

Geological mapping results in different
scales show that basalts in Dak Nong Province
in general and in Krong No Areain particular
belong to two different formations: Tuc Trung
and Xuan Loc formations. Basalts of Tuc Trung
formation are of Pliocene — early Pleistocene
(B/N»-Q, 1) age (5.3+1.6 m.y.a). The
lithological composition is mainly alkali olivine
basalt, olivine-augit-plagioclase basalt, basalt 2
pyroxene.

The rocks are black gray, mainly dense with
minor porosity, porphyritic texture with
phenocryst being olivine (10+15%), augite
(3+4%); the background usually composes of
plagioclase (40+45%), olivine (4+5%), augite
(10+20%). They are divided into two units:
Unit 1: dense basalt intercalated with a small
amount of fine to average-grained, gray to black
gray porous basalt, thickness of about 42m.

Fig. 9. Turbulent flow on the wall of Bat cave
(Source: La The Phuc, 2009).

Fig. 10. Surface of basaltic flow conserved
in some samples in Bat cave
(Source: Nguyen Thanh Tung, 2012)

Unit 3: medium-grained dense ash gray and
dark gray olivine basalt, strongly cracked on the
above, thickness of about 32m [3].

Basalts of Xuan Loc formation are of
middle Pleistocene age (B/lexl) (about
781+126 thousand years), and are divided into
three units: Unit 1: brown gray to black
volcanic ash, locally tuff alternating with layers
of gray porous basalts, thickness of about 35m.
Unit 2: original basalts include dark gray
olivine basalt, dolerite basalt, plagiobasalt,
quite uniformly blockly structured, thickness of
45+50m. Unit 3: In addition to the eruptive
lava, there are also explosive lava with the main
composition of black, gray green olivine basalt.
The rocks are densely structured, intercalated
with pores, bubbles, volcanic bombs and
volcanic breccias, thickness of 45+51m [3].
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The basalt eruptions have created the highly
valued geoheritages. According to GILGES
classification system of the UNESCO, the
basalt eruption-related geoheritages have been
established under the following categories: B-
Geomorphology, D-Rocks, F-Minerals. Besides
geoheritages, the study area also possesses
historical and cultural monuments, forming a
heritage complex within the distribution area of
primary forest.

3.1. Category B-Geomorphology

Heritages under this category are the most
common and abundant in the area, including:
crater shapes, waterfalls and waterfall scenic
landscapes and especially caves in basaltic
rocks.

Crater in Choah village (namely Chu Pluk,
Fig. 2) has shape of a funnel with diameter of
about 100+120m towards the top. A particular
lava outlet is not visible. The lava dome was
created with 600+700m in width, and the
volcanic throat is 100m in depth. The entire
crater is light bubble basalts in pellets with
many different shapes, but mostly isometric
with diameters ranging from small to 30+40
cm.

ea, there are three famous
N 1 < I .

In the study ar
v o

Fig. 11. Traces in shape of tree branch on the wall
of Bat cave (Source: Truong Quang Quy, 2012)

Fig. 12. Columnar basalts in Trinh Nu waterfall,
Krong No, Dak Nong. (Source: La The Phuc, 2009)

beautiful waterfalls of the Central Highlands:
Trinh Nu, Dray Sap and Gia Long waterfalls
(Fig. 3). All of these 3 waterfalls flow on
basalts and belong to Serepok river. Each
waterfall is associated with a thrilling and
romantic legend of ethnic groups in the Central
Highlands. Besides the muddy waterfalls
roaring all year long are the clear, calm and
gently flowing springs and the peaceful blue
lake (Fig. 4), which makes up a strangely-
dreamy contrasting scene.

So far, in Trinh Nu — Dray Sap — Choah
village areas, 10 pretty nice caves have been
discovered. None of these caves have been
adequately studied. What is interesting to
visitors and striking for the researchers is that
the caves develop in basalts rather than in
carbonate (limestone) like most other caves in
Vietnam.
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The caves here have not been named, and
the locals call them Bat caves, since there are a
numerous number of bats living inside them
(Fig. 5). We made efforts to enter some caves,
do preliminary survey and took some
photographs and videos. The preliminary
survey results show that: the diameters of the
cave entrances range from 5+15m, the heights
from the floor to the ceiling range from several
to 10m, the average lengths are several
hundreds meters (particularly some may reach
several kilometers). The caves generally extend
toward 150°+160° and 320°:330° directions,
which create 2 systems extending nearly
coincidingly with the NW-SE and NE-SW
trending faults in the area. The caves usually
branch horizontally, whereas there is no
observed vertical branching. However, there are
some narrow horizontal caves that need rope
ladder to come down.

The caves distribute at depths of several to
several tens of meters to the ground. They are
composed of 2 types: dry caves and wet caves..
According to the distribution depth, dry caves
are divided into 2 types: shallow caves and
deep caves. Shallow caves are those having
distribution depth of less than 5-6m from the
ground, often with thin dome cover. This type
of caves often occur the collapse of ceiling due
to structural weakness (Fig. 6). Deep caves are
those having distribution depth of more than 6m
from the ground, with thick dome cover, quite
sturdy and safe, can be exploited for tourism
(Fig. 7). Wet caves are those with regular flows
or constantly flooded. Caves of this type are
generally small (with diameter of 1+3m),
distributing in low terrain of the area, may be at
or below the water table. The cave entrances are
exposed on the erosion cliffs and have flows of
clear water all year long. These are the source
of water for the springs and lakes of the area,

making a beautiful landscape in contrast with
the muddy waterfalls (Fig. 4).

Rocks on the ceiling and the walls are gray-
black gray dense basalts and pore basalts
(Iesser) of Xuan Loc formation, locally existing
stalactites (Fig. 8). On the samples and walls
there are observed phenomenon of turbulence
flows of basaltic lava flows (Fig. 9, 10) and the
remains of the woody branches with diameter
of 20+30 cm (Fig. 11). On the floor of some
caves, traces of temporary flows, which may be
the streams during the wet seasons, and pieces
of animal bones are also found. Sometimes, the
locals still get into the caves to hunt wild
animals. These above geomorphological
heritages are ranked national level geoheritages.

3.2. Category D-Rocks

Heritages of this catergory are columnar
basalts, volcanic bombs and bubble basalts.
Columnar basalts are typical heritage of Trinh
Nu waterfall area under D category. Columnar
basalt formation is associated mainly with Tuc
Trung formation, composed of olivine-augite
basalt and olivine basalt. The basalts are dense,
rarely porous or almond; gray-black gray,
columnar cracked with the number of sides
ranging from 45 or 6, whose area is 10+15cm,
rarely more than or equal to 20cm (Fig. 12), in
which those with 6 sides are dominant. The
largest diameters of the columns are about
30+40cm, and the lengths are about 3+6m.
Besides, they are controlled by numerous
fractures with no certain directions and lengths
[4, 5]. These columnar basalts are requested to
be ranked as national level geoheritage.

Volcanic bombs are found scatteredly in the
valley of Choah village (Fig. 13). They are
usually black gray, have large sizes with blocks
reaching several m’, and contain various pores
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Fig. 13. Volcanic bombs in the valley of Choah
village, at the back is Chu Pluk crater
(Source: Nguyen Van Hiep, 2007)

which are now weathered [3]. In addition,
associated with Chu Pluk volcano in Choah
village, we also found various spongy gray-
cement gray bubble basalts with porosity of
30+40%. Those are puzzolan ores.

3.3. Category F-Minerals

Those under this category are olivine, opal-
chalcedon, bauxite ore and puzzolan. In
particular, olivine and opal - chalcedon are of
little expression and value, so they are not
considered potential. Puzzolan has formed
deposit and is the most potential. The found
puzzolan is directly associated with Chu Pluk
volcano. The whole crater are pellets of lightly
spongy bubble basalts in different shapes, but
mostly isometric and are from small to 30+40
cm in diameters. About 600+1,000m from the
crater are basalt flows that form into
comparatively thick layer, which contains
lightly spongy rocks with 30+40% porosity.
The basic chemical composition of the rocks
achieved by analysis shows: Si0, = 49,92+51.86
%; AlLO; = 14.19+15.07 %; Fe0; =
12.10+12.50 %; Ti0, = 1.44+1.60 %; Ca0 =
7.25+10.88 %; Mg0 = 8.16:9.35 %; LOI =
1.60+2.18  %; lime absorption level:
61.22+76.29 (mgCal/lg puzzolan). Total
forecast resource is about 19,000,000 tons [3].

In addition to the potential for geoheritage
as mentioned above, the caves in basalts also
distribute in the assemblage of national and
international leveled natural heritages, such as:
Dray Sap Waterfall Cultural and Historical
Monument (national level cultural monument as
ranked in 1991 by the Ministry of Culture and
Information), Gia Long Waterfall Cultural and
Historical Monument (national level cultural
monument as ranked in 1999 by the Ministry of
Culture and Information), the Gong — Cultural
Heritage of Central Highlands (World Cultural
Heritage as ranked by the UNESCO in 2005),
as well as the Dray Sap primary special-use
forest along with its biodiversity (wildlife,
insects, rich genetic resources) in the forest and
in caves, which have not been studied in details.

4. Discussion

So far, caves in Vietnam mostly develop in
carbonate rocks (limestone, argillaceous
limestone, etc.), or lesser in terrigenous
sedimentary rocks (sand, silt, clay). They are
formed after the rock formation process due to
the rock dissolution and erosion along the
fracture system or the layer surface. Unlike
other kinds of rocks, basalts are hard to dissolve
making the formation of cave in basalts totally
different. Caves in basalts are formed during the
tubulent flows, air drainage and cooling down
of lava. This is one of the distinctive
characteristics of the discovered caves in
Vietnam. In order for caves to form, the basaltic
lava must have a relatively high viscosity.
When erupted, the basaltic lava blows from the
ground and flows by the terrain surface down to
the lower areas in steep slopes. These slopes are
usually sinuous, cross cutting or even
perpendicular to the original lava flows. During
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the blowing-flowing, together with the
interaction of temperature - pressure of the lava
with rocks and the external environment, the
turbulent flows shall form, creating the spaces
(air) inside the lava flows and ventilation
occurs. As the basaltic lava has high viscosity
(dense), and is rapidly cooled on the ground,
the empty space and the bubbles could not
release from lava blocks before the lava freezed
to form the cave as described above. So the
caves here were formed at the same time of
rock formation (syngenetic). The presence of
caves in Krong No, Dak Nong (Central
Highlands) is rare, especially when they are
located in basalts. This is one of the
"impression" to attract tourists to heritage
assemblage in Krong No area. In addition to the
values in landscape and aesthetics, caves in the
study area are also destinations for scientists (in
geology, archeology, biology) and students to
explore and study on the mechanism of
formation, composition and other scientific
issues related to basalts in the Central Highlands,
including the formation of caves in basalt rocks.
Furthermore, they are also destinations for
artists, photographers to enjoy and create.

The study area owns many beautiful
landscapes with natural heritages (primary
forest, geoheritages) and cultural heritages,
which have been ranked. Natural heritages,
geoheritages, especially the caves are still
almost untapped and have not been studied in-
depth for the ranking. At the adjacent areas of
Krong No Area, many archeological sites have
been found (working tools and tool
manufacturer). So, if the caves are studied in
details, it is certain that archeological sites as
well as other endemic creatures will be found.
So, the study area has comparatively fulfilled
the requirements to establish geoparks as per
criteria set by the UNESCO.

With the huge potential of such heritages, if
the protection, management and exploitation are
well organized, this place will be an attractive
destination for picnic, geotourism, ecotourism,
study and geological research, which
contributes to the training, raising community
awareness, socio-economic development of the
area as well as the whole country.

Studies on geoheritage towards
conservation and sustainable development are
relatively new in Vietnam. So far, the
Vietnamese geologists have employed a quite
good approach; moreover, they have compiled
dossiers and recognized by the UNESCO for 2
World Natural Heritage (Ha Long Bay and
Phong Nha — Ke Bang), 1 Global Geopark
(Dong Van Karst Plateau). In the future, there
will be more potential candidates to achieve the
title. Besides the very encouraging study
results, because Vietnam's economic conditions
are still difficult, investment in this research
field is very limited. Most of the geoheritages in
the Central Highlands and islands of Vietnam
have not been examined in details. The legal
system related to the  conservation,
classification, management and exploitation of
geoheritage has not been established. To
address that, Vietnam plans to get attention of
scientists as well as scientific research
institutions, foreign investors for the research,
conservation and sustainable exploitation of
geoheritage in Vietnam.

5. Conclusions and recommendations

- The existence of caves in basalts in Krong
No is one of the impression to diversify the
heritage assemblage in the area.

- Caves in basalts in Krong No are
common, original and of high values from both
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scientific and practical perspectives,

particularly for research and tourism purposes.

- Krong No area and its vicinity (Dak Nong
and Dak Lak provinces) relatively fulfill the
natural elements to build national geopark, and
are potential candidates for an international
geopark.

- Geoheritage in general and caves in
basalts in particular in Krong No, Dak Nong
should be studied in details to clarify issues on
scientific and educational significance of the
heritage, the structure of the heritages,
especially, the structure of the caves and
archaeological-paleontological sites in the
caves... to compile the dossier for the
establishment of geopark, contributing to the
conservation, management and
exploitation of geoheritages towards the socio-
economic sustainable development.

rational

- Vietnam is a developing and integrating
country, which needs collaboration from more
developed ones to share relevant experiences
and research works in the field of conservation,

management and sustainable exploitation of
geoheritages.
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Hang dong trong da bazan ¢ khu vyc Krong N6,
tinh Dak Nong, Viét Nam

La Thé Phic', Luong Thi Tuat’, Truong Quang Hai’, Nguyén Thi Minh Ngoc*

'Bao tang Dia chat Viét Nam, 6 Pham Ngii Ldo, Ha Noi, Viét Nam
2Vién Pia chdt va Khodng sdn, 45 Puong Chién Thd'ng, Ha Noi, Viéet Nam
3Vi_én Viét Nam hoc va Khoa hoc phdt trién, DPHQG Ha Noi, 336 Nguyé~n Trai, Ha Noi, Viét Nam
4Uy ban Diéu phoi cdc chirong trinh Pia hoc ¢ Pong A va Pong Nam A, 75/10 Puong Rama VI,
Phayathai, Ratchathewi, Bangkok 10400, Thdi Lan

Tém tit: Hang dong ludn tao ra vé dep huyén bi va hap din cho céc di san dia hoc, di san thién
nhién, cling nhu cong vién dia chat. Hang dong trong d4 trim tich, dic biét trong ving karst & Viét
Nam rét da dang, ludn tao ra nhitng ky luc méi vé chiéu dai, d6 sau va su phan bd trong khu vuc va
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trén thé gi6i. Trong khi d6, cdc hang dong trong d4 bazan ¢ Viét Nam méi dugc phét hién vao nim
2007 & khu vyc thc Trinh Nit, huyén Krong N9, tinh Ddk Nong. Khu vuc thac Trinh Nit 1a mot tong
thé di san hap dan & ca hai khia canh tu nhién va vin héa xa hoi. N6 bao gdm 3 thic nudc va cic thing
canh lién quan ndi tiéng & Tay Nguyén, cdc miéng nii lira, bazan dang cot, sy xuit 16 sudi ngam, rimg
nguyén sinh, di tich lich sir van héa qudc gia,... Hang dong ¢ diy kha nhiéu va thuong kéo dai theo
huéng nhét dinh. Phan theo chiéu siu va muc nudc ngam, hang dong c6 2 loai: hang dong kho va hang
d6ng wot. Phan 16n hang dong c6 duong kinh 3-6m, ciing ¢6 mot s6 hang trén 10m, chiéu dai c6 thé
dén vai tram mét. Trén céc birc tuong va tran ciia mot vai hang dong, quan sit rd duge dau vét dong
chay rbi ciia dung nham. Pa s6 hang dong 12 noi nhiéu doi cu trd. Bén trong hang dong an chira nhiéu
van dé 1y thii vé khao co, sinh vat va dia chat chua dugc kham ph4. Hé thong hang dong nay tao ra
mét di san dia hoc phong phi va doc ddo & khu vyc thac Trinh Nit. Day sé& 12 diém nhin vé du lich néu
duoc nghién ctru, khdi phuc va dua vao phat trién du lich dia hoc.



